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DESCRIPTION OF PROBLEM
It has been reported that incubation temperature is a crucial factor affecting poultry embryo development [1] , hatchability [2] and farm performance [2, 3] . The optimal eggshell temperature (EST) is around 100
• F throughout incubation for broiler eggs [4] . Other studies have shown positive embryo development for broilers for EST ranging between 96 to 98
• F during the last week of incubation [5, 6] . The majority of the studies are made in chickens (Gallus gallus domesticus) and are extrapolated to turkeys (Meleagris gallopavo) without previous verification. During incubation experiments, environmental trials often use air temperature as treatments applied to the eggs [7, 8] . Several studies in other avian species have determined that the 1 Corresponding author: mrh4@psu.edu EST would be more relevant than air temperature because air temperature is simply not equal to embryo temperature and can vary independently; however, EST is more constant because it takes into account heat derived from the machine as well as from the developing embryo [7, 9] . Therefore, the purpose of this study was to compare the effect of 4 different levels of EST frequently observed in commercial hatcheries from d 1 to 25 on hatchability, poult weight and 7-d growth performance.
MATERIALS AND METHODS
Turkey eggs (2, 400) [10] from one breeder flock (41 wk of age) were collected, stored for 3 d at 60
• F, prewarmed for 6 h to 70
• F, selected for a uniform egg weight (large and small eggs were culled at setting), and set in trays at • F (all treatments incubated at 53 % RH and turned hourly). Each day, shell temperatures were taken from the same 10 eggs from the center of the treatment set [12] . If adjustments were made, EST were checked an hour later for accuracy. After 25 d of incubation, eggs were candled and the developing embryos were transferred into one hatcher with hatch trays stacked in a randomized manner; non-developing eggs were broken and stage of embryonic development determined. At hatch (28 d and 4 h), a sample of poults (25/treatment; 5 poults randomly chosen/hatch tray) were euthanized and residual yolk sacs were weighed and yolk-free poult weight calculated. Hatch residue was evaluated to determine stage of development. After determining the sex of the poults, they were randomized into 3 replicate pine-shavings bedded pens (88 square feet) by EST treatment and sex and given a pre-starter diet (27% protein, 5% fat) and water ad libitum. Birds were placed into hen and tom pens at 44 and 25 birds/pen, respectively. For wk 1, the pens had a nipple drinker with 4 cups/pen as well as a 1-gallon supplemental drinker and 2 egg flats and a Shenandoah broiler hanging feeder for feed. Corners of the pen were rounded and a supplemental heat lamp was provided for each pen for wk 1. Lights were set at 23 h light : 1 h dark at 55 lux light intensity for wk 1. Body weight, feed consumption, feed conversion, and mortality were determined at 7 d of age. Research on live animals met the guidelines approved by the institutional animal care and use committee (IACUC).
Statistical Analysis
Data were analyzed by analysis of variance (ANOVA; 4 temperature treatments × 8 replicate trays) for hatchability, embryonic mortality, and poult quality evaluation. All percentage data were submitted to an arcsine transformation prior to analysis. Growth performance data until 7 d of age were analyzed with an ANOVA test, with incubation treatments (4), gender (2), and 
RESULTS AND DISCUSSION
The hatch of total eggs results showed that eggs incubated at eggshell temperatures of 99.2-99.4
• F and 99.4-99.6
• F had hatchability that trended greater than the eggs incubated at 100.5-101
• F at the P ≤ 0.10 level. The hatch of fertile egg results for eggs incubated at the 99.2-99.4
• F EST were significantly higher than the 99.8-100.2
• F and 100.5-101
• F EST treatments at the P ≤ 0.05 level (Table 1) . Fertility ranged from 94.5 to 96.5%, while hatch of total eggs ranged between 81.7 to 89.3%, normal levels for commercial flocks. No difference in fertility was found between treatments.
The results are in agreement with the study made by French [13] , who reported that in turkeys, low incubation environmental temperature applied from d 0 to transfer (97.7
• F) did not lessen hatchability, but high EST (101.3
• F) is detrimental when compared to a medium temperature treatment (99.5
• C). Lourens et al. [4] applied temperature treatments during wk 1 and wk 3 of incubation and reported in broilers that high embryo temperatures (102.2
• F) were detrimental, but low embryonic temperature (98.1
• F) did not generate greater embryonic mortality. Maatjens [5, 6] also showed benefits of lower EST in broilers during the last week of incubation. French [13] found that the application of high incubation temperatures (>101 • F) for more than 3 d during the first half of the incubation period decreased the hatchability rates in turkeys. In this trial, the breakout data show that the lower hatchability of the high temperature treatment was due to an increase principally in late embryo mortality (0.8 % versus 3.3%) in agreement with a previous report from French [13] . Molenaar et al. [14, 15] and Christensen et al. [16] postulated that high environmental temperatures, especially in the second half of the incubation period, increase the glucose requirements and because of the limited glucose availability in the avian egg, the increased requirement may jeopardize successful hatching and impact body development, possibly mediated by increased gluconeogenesis from glucogenic amino acids to allow anaerobic glycolysis. Table 2 shows that the treatment 99.2-99.4
• F generate poults heavier at pulling time than EST treatment 99.8-100.2 and 100.5-101
• F. The yolk free body mass (YFBM) of the poults under the temperature treatments of 99.2-99.4
• F was higher than the 99.8-100.2
• F but only 99.2-99.4
• F had significantly greater YFBM than 100.5-101
• F poults.
The lower body weights and yolk free body mass found in the high temperature treatment are in agreement with studies made in broilers [5, 6, [17] [18] [19] . The higher temperature accelerates the embryo growth and development reducing the time for nutrient use [20, 21] plus it causes a lower efficiency of protein utilization for growth [22] . Additionally, subsequent growth is often influenced not only by incubation conditions, but by the environment in the brooding facilities. The poults incubated on the higher EST hatch earlier and wait inside of the hatchers unnecessarily until the hatch is pulled. In commercial multi-stage incubators, you can often find that 20 to 40% of the poults are hatched 36 hours before the scheduled time [23] . Early hatching poults can lose between 0.3 to 0.5% body weight per hour inside the hatcher when their internal temperature is over 105
• F. No differences in mortality percentage (5.35%) and body weight gain (87.5 g) were found at 7 d posthatch. While wk 1 mortality was greater than normal, it was attributed to causes not related to incubation treatments (smothering, etc.). While males had numerically higher percent mortality than females, no treatment differences by gender were found. No difference in 1 wk mortality may be attributed to the fact that the transportation was very short; delivery was the same day and placed in small brooding rings with plenty of water and feed that stimulated them to eat. Posthatch conditions can greatly influence poult quality at one week and subsequent growth performance. Another factor could be that weaker progeny might have been eliminated by the incubation treatments, and then the poults that hatch were given an "ideal" brooding environment. While Maatjans et al. [6] found greater posthatch performance for broilers in correlation with improved hatchability EST treatments, Lourens and Middelkoop [3] showed data consistent with this study for growth efficiency of wk 1 performance of broilers. Future research should examine the post hatch growth results when the poults are subjected to sub-optimal care, are delivered the next day, are exposed to a long trip and housed in an open barn, and/or not brooded in rings as many commercial operations do. It has been reported that overheated poults placed in commercial barns after hatch do not immediately seek for feed and water and the mortality percentage can be greater due to starvation and dehydration.
CONCLUSIONS AND APPLICATIONS
1. The higher eggshell temperature treatments used in this trial (100-101 • F) corroborate field observations that higher shell temperatures in turkeys reduce hatchability while EST of 99.2-99.4 and 99.4-99.6
• F treatments improve hatch of fertile eggs. 2. High eggshell temperature during incubation (>100.5
• F) decreases poult development and produces poults with less body weight and yolk free body mass at hatch. EST over 101
• F (mild overheating) in turkeys can still result in greater mortality late in embryonic development and lower poult weight. 3. Despite negative EST conditions during incubation, optimal brooding conditions can somewhat ameliorate poult overheating effects to one week of age for the surviving poults.
